In the title compounds, (2E,2 0 E)-3,3 0 -(1,4-phenylene)bis[1-(2-methoxyphenyl)-prop-2-en-1-one], C 26 H 22 O 4 (I), (2E,2 0 E)-3,3 0 -(1,4-phenylene)bis[1-(3-methoxyphenyl)prop-2-en-1-one], C 26 H 22 O 4 (II) and (2E,2 0 E)-3,3 0 -(1,4-phenylene)bis [1-(3,4-dimethoxyphenyl) prop-2-en-1-one], C 28 H 26 O 6 (III), the asymmetric unit consists of a half-molecule, completed by crystallographic inversion symmetry. The dihedral angles between the central and terminal benzene rings are 56.98 (8), 7.74 (7) and 7.73 (7) for (I), (II) and (III), respectively. In the crystal of (I), molecules are linked by pairs of C-HÁ Á Á interactions into chains running parallel to [101] . The packing for (II) and (III), features inversion dimers linked by pairs of C-HÁ Á ÁO hydrogen bonds, forming R 2 2 (16) and R 2 2 (14) ring motifs, respectively, as parts of [201] and [101] chains, respectively.
Chemical context
Chalcones and their derivatives are natural or synthetic 1,3-diaryl-2-propenones that may exist in cis and trans isomeric forms, the trans form being thermodynamically stable. The ,-unsaturated enone C C-C( O)-C moiety in the chalcone structure plays an important role in the biological activities of these species (Husain et al., 2013; Abdel Ghani et al., 2008) . As a result of the -enone system, these molecules present relatively low redox potentials and have a greater probability of undergoing electron-transfer reactions. Apart from the biological activities, the photophysical properties of chalcone derivatives also attracted considerable attention from both chemists and physicists. Many chalcone derivatives have been reported in relation to non-linear optics (NLO), photorefractive polymers, holographic recording materials and fluorescent probes for sensing metal ions (Ruzié et al., 2009; Wei et al., 2011; Chandra Shekhara Shetty et al., 2016) . As part of our studies in this area, we report herein the syntheses and structures of three new bischalcone derivatives, (2E,2 0 E)-3,3 0 -(1,4-phenylene)bis(1-(2-methoxyphenyl)prop-2- ISSN 2056-9890 en-1-one), C 26 H 22 O 4 (I), (2E,2 0 E)-3,3 0 -(1,4-phenylene)bis(1-(3-methoxyphenyl)prop-2-en-1-one), C 26 H 22 O 4 (II) and (2E,2 0 E)-3,3 0 -(1,4-phenylene)bis(1-(3,4-dimethoxyphenyl)prop-2-en-1-one), C 28 H 26 O 6 (III).
Structural commentary
The molecular structures of (I)-(III) are shown in Figs. 1-3, respectively. The asymmetric unit of each compound consists of a half-molecule, with the complete molecule generated by a crystallographic inversion centre at the centroid of the central benzene ring.
Each compound is constructed from two aromatic rings (centre benzene and terminal methoxyphenyl rings), which are linked by a C=C-C(=O)-C enone bridge. Despite having an extra methoxy substituent, the conformation of compounds (II) and (III) are very similar, as indicated by the dihedral angles between the rings of 7.74 (7) and 7.73 (7) , respectively. The enone linkage moiety of compounds (II) and (III) has similar torsion angles [O1-C7-C8-C9 = 0.2 (2) and 7.3 (2)
, respectively], but compound (II) has a higher overall planarity than compound (III), as its enone bridge forms a smaller torsion angle with the methoxyphenyl ring [C1-C6-C7-O1 = À6.5 (2) ] and benzene ring [C8-C9-C10-C11 = À1.7 (2) ; C1-C6-C7-O1 = 7.3 (2) and C8-C9-C10-C11 = À5.6 (2) in (III)]. Compared to the nearly coplanar arrangement of rings in compounds (II) and (III), compound (I) is substantially twisted [O1-C7-C8-C9 = À13.5 (2) and C1-C6-C7-O1 = 143.60 (15) ] about the enone bridge, which may arise from steric repulsion with the ortho-O2 atom. Hence, the dihedral angle between the 2-methoxyphenyl and benzene rings in (I) increases to 56.98 (8) . Key torsion angles are tabulated in The molecular structure of (II), showing 40% probability displacement ellipsoids. [Symmetry code:
The molecular structure of (III), showing 40% probability displacement ellipsoids. [Symmetry code: (A) 2 À x, Ày, 1 À z.]
Figure 1
The molecular structure of (I), showing 40% probability displacement ellipsoids. [Symmetry code: (A) Àx, 1 À y, Àz.] atoms of the methoxy groups are close to the planes of their attached rings in all cases: for (I), deviation of C13 = 0.163 (2) Å , for (II), deviation of C13 = 0.329 (2) Å , and for (III), deviations of C13 and C14 = 0.091 (2) and À0.266 (2) Å , respectively.
Supramolecular features
The packing of (I) is consolidated by a weak C-HÁ Á Á contact (Table 2) involving a hydrogen atom from the phenyl ring and the centroid of the central benzene ring (C10-C12/C10A-C12A). This C-HÁ Á Á interaction connects the molecules of (I) into chains parallel to the [101] direction with a C-HÁ Á Á distance of 2.74 Å (Fig. 4) . In the supramolecular assemblies of compounds (II) and (III), the molecules are connected by pairs of C-HÁ Á ÁO hydrogen bonds (Table 2) into inversion dimers, which form R 
Database survey
A search of the Cambridge Structural Database (CSD, Version 5.38, last update November 2016; Groom et al., 2016) using (2E,2 0 E)-3,3 0 -(1,4-phenylene)bis(1-phenylprop-2-en-1-one) as the main skeleton, revealed the presence of four structures containing the bischalcone moiety with different substituents, similar to the title compounds in this study. These include 3,3 0 -(1,4-phenylene)bis[1-(X)prop-2-en-1-one], where X = 2-hydroxyphenyl (DIDNUB; Gaur & Mishra, 2013), 4-chlorophenyl (KIKFUG; Harrison et al., 2007) , 4-methoxyphenyl (UDUPUF; Harrison et al., 2007a ) and 3,4-methoxyphenyl (UDUQAM; Harrison et al., 2007b) . It is notable that UDUPUF and UDUQAH are positional isomers of compounds (I) and (II), and (III), respectively, differing from them only in the location of the methoxy substituent (see scheme below). The dihedral angles between the central and terminal phenyl ring in these compounds vary from 10.9 to 46.3 . In terms of the title compounds, (II) and (III) are more planar [7.74 (7) and 7.73 (7) ] while compound (I) is more twisted [56.98 (8) ]. The supramolecular assembly in UDUPUF also depends upon a single C-HÁ Á ÁO hydrogen bond between inversion-related pairs of molecules, forming a centrosymmetric dimer. Table 2 Hydrogen-bonding geometry (Å , ) for compounds (I)-(III).
Cg1 is the centroid of the C10-C12/C10A-C12A ring. 
Synthesis and crystallization
A mixture of the corresponding methoxyacetophenone (0.02 mol) and terephthaldialdehyde (0.01 mol) was dissolved in methanol (20 ml). A catalytic amount of NaOH was added to the solution dropwise with vigorous stirring. The reaction mixtures were stirred for about 5-6 h at room temperature. The resultant crude products were filtered, washed successively with distilled water and recrystallized from ethanol to obtain the title compounds. Yellow blocks [(I) and (III)] and yellow needles (II) were recrystallized using the solvents noted below. (2E,2
Solvent for growing crystals: chloroform and methanol; yield 85%, m.p. 444 
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 3 . In (I), (II) and (III), the C-bound H atoms were positioned geometrically [C-H = 0.93-0.96 Å ] and refined using a riding model with U iso (H) = 1.5U eq (Cmethyl) and 1.2U eq (C) for other H atoms. For all compounds, data collection: APEX2 (Bruker, 2012 ); cell refinement: SAINT (Bruker, 2012) ; data reduction:
sup-1
SAINT (Bruker, 2012 ); program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL2013 (Sheldrick, 2015) ; molecular graphics: SHELXL2013 (Sheldrick, 2015) and Mercury (Macrae et al., 2006) ; software used to prepare material for publication: SHELXL2013 (Sheldrick, 2015) and PLATON (Spek, 2009 ). Δρ min = −0.14 e Å −3
Special details
Geometry. All esds (except the esd in the dihedral angle between two l.s. planes) are estimated using the full covariance matrix. The cell esds are taken into account individually in the estimation of esds in distances, angles and torsion angles; correlations between esds in cell parameters are only used when they are defined by crystal symmetry. An approximate (isotropic) treatment of cell esds is used for estimating esds involving l.s. planes. 
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